The aim of this study was to develop and test models for non-uptake of three doses of diphtheriatetanus-pertussis containing vaccines (DTP3) among children of women living with HIV in sub-Saharan Africa. The study used demographic and health survey data from 27 sub-Saharan African countries that have the required HIV and immunization data sets. Multivariable logistic regression models were used to assess the relationship between individual and contextual factors associated with non-uptake of DTP3 among the children. At the individual level, the odds of non-uptake of DTP3 decreased with formal education, increasing age and access to media. The full model shows that the odds of non-uptake of DTP3 is increased among unemployed women, those living in communities with high illiteracy rate and in countries with low adult literacy level. For a child who moved to another country or community with a higher probability of DTP3 non-uptake, the median increase for the odds of DTP3 non-uptake would be 2.24% and 1.22% respectively for country and community. This study shows that individual and contextual factors contributed significantly to non-uptake of DTP3 among the children of women living with HIV. Interventions should be focused on women living with HIV who are young mothers, unemployed women, those without formal education, individuals living in communities with high illiteracy rate and in countries with low adult literacy rate. The use of mass media tools and creation of more employment opportunities for HIV-infected women could improve vaccination coverage among their children.
Introduction
Research studies have shown that routine vaccination coverage is inadequate in several African countries and unable to meet national targets for Global Vaccine Action Plan (GVAP). [1] [2] [3] Sub-Saharan Africa with high HIV prevalence needs adequate vaccination coverage especially among the HIV-infected and HIV-exposed children because they are highly susceptible to severe forms of some vaccine-preventable diseases with resultant increased risk of mortality. 4, 5 The children of HIV-infected mothers are at risk of mortality than the non-exposed children because HIV-positive mothers may not take their children for vaccination as scheduled due to generalized weakness and non-availability of transport fees to get to the healthcare facilities. 6, 7 Vaccination of both HIVinfected and uninfected children also played critical role towards achieving the Millennium Development Goal 4 targeted in reducing deaths in children less than five years of age. 8 Attaining Sustainable Development Goal 3.8 is also connected to vaccination strategies especially with the achievement of Universal Health Coverage via vaccines for all age groups. 9 Studies showed that children born to HIV-infected mothers were less likely to get all the basic vaccination according to schedule through the avoidance of the health facilities in community owing to stigma and discrimination. 6, 7, 10 The association between maternal HIV status and childhood vaccination is of public health significance in countries with high HIV prevalence. However, there are uncertainty and limited information on factors that influence the association between maternal HIV status and childhood vaccination coverage in sub-Saharan Africa. 10 It has been established that there is an association between maternal education and vaccine uptake, however, this varies across different regions and settings across the world. 11 Studies show that the odds of childhood vaccination are greater in children whose mothers have secondary or higher education. 11, 12 Poor socioeconomic status and non-empowerment of women are important factors that are related to poor uptake of childhood vaccination. 12 Immunization coverage is low in urban poor and deprived neighbourhood. These neighbourhoods also have the hallmark of poor mother and child healthcare services, maternal illiteracy, poor household socioeconomic status and gender inequality. 13 The per capita gross domestic product (GDP) is a factor in the usage of vaccines in the low income countries that has high mortality rates due to vaccine-preventable diseases. It is expected that good vaccine uptake in these countries will be cost-effective on the long run and this depends largely on the Vaccination plays an important role in economic growth. It has an impact on country's healthcare with resultant reduction in mortality and morbidity, thereby contributing to the GDP. 15 Initiatives such as the Global Alliance for Vaccines and Immunization (GAVI), WHO-UNICEF Global Immunization Vision and Strategy, the Global Vaccine Action Plan (GVAP), and others have contributed towards achieving universal access to immunization. 3 However, there is dearth of information concerning interventions or programmes specifically targeted at improving vaccination coverage for HIV-infected and HIV-exposed uninfected children in Africa. Vaccination programmes tend to target all children irrespective of their HIV status or that of their mothers, although HIV-infected and HIVexposed uninfected children are more prone to vaccinepreventable diseases. 16 A multilevel study is specifically needed to evaluate the independent contributions of individual, community, and country-level factors to non-vaccination among the children of HIV-infected women in sub-Saharan African countries. We therefore initiated this study to develop and test models for non-uptake of vaccines among the children of HIV-infected mothers. Receipt of three doses of diphtheriatetanus-pertussis containing vaccines (DTP3) is a widelyaccepted surrogate measure of full childhood immunization coverage. 17 The DTP-containing vaccine used in subSaharan Africa is a pentavalent vaccine that provides immunity against diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b. These five infectious diseases lead to significant morbidity and mortality in children especially in countries with poor vaccination coverage. Table 1 shows the summary of individual, community, and country characteristics and DTP3 coverage among the children of HIV-positive mothers. A total of 5,537 children aged 12-23 months, within 2841 communities and from 27 countries in sub-Saharan Africa were involved in this study. About one-fourth of the children of HIV-infected mothers did not receive DTP3 prior to the survey. The numbers of male and female children were fairly evenly distributed.. Table 1 shows that there was an association between DTP3 uptake and variables such as age, level of education, employment status, access to media, wealth index and illiteracy rate. The table also shows that DTP3 vaccination is not significantly associated with years of survey. Country-level characteristics were shown in Table 2 . The surveys were conducted between 2003 and 2016 in the included countries with the years 2013 and 2014 having five surveys each. Table 3 shows the results of different models. At the individual level, the odds of non-uptake of DTP3 decreased with formal education, increasing age and access to media. At community level, the odds of DTP3 non-uptake increased with being resident in communities with high illiteracy rate. The full model shows that the odds of the children of women living with HIV not receiving DTP3 vaccination increased with being unemployed, such that the children of unemployed women were 17% more likely not to take DTP3 (OR = 1.171, 95% CrI 1.012 to1.372). The odds of not completing the vaccination schedule decreased with older maternal age, such that children of women aged 35-49 years were 29% less likely to miss DTP3 compared to children of women aged 15-24 years old (OR = 0.711, 95% CrI 0.584 to 0.856). Other factors that decreased the odds of not completing the vaccination schedule were formal education and access to media (Table 3) .
Results

Sample characteristics
Measures of associations (fixed effects)
There was also significant association between non-uptake of DTP3 and countries with low adult literacy rate (Table 3) . Countries such as Burkina Faso, Chad, Cote d'Ivoire, Ethiopia, Gambia, Guinea, Liberia, Mali, Niger, Senegal and Sierra Leone which are mainly West African countries are the ones with low adult literacy rate ( Table 2 ). Women living with HIV in these countries are less likely to have their children vaccinated with DTP3.
Measures of variations (random effects)
In model 1 (unconditional model), there was a significant variation in the odds of non-vaccination with DTP3 of the children of HIV-infected mothers across the countries (σ 2 = 0.852, 95% CrI 0.457 to 1.503) and across the communities (σ 2 = 0.002, 95% CrI 0.000-0.004) (as shown in Table 3 ). The intra-country and intra-community correlation coefficients show that 20.57% and 20.61% of the variance in odds of non-uptake of DTP3 are linked to country-and community-level factors respectively. The variance in odds of not being vaccinated with DTP3 were also attributable to the country-and community-level factors respectively. From the full model (Model 5), it is assumed that a child who moved to another country or community with a higher probability of DTP3 nonuptake, the median increase in the odds of DTP3 nonuptake would be 2.24% and 1.22% respectively.
Discussion
Main findings
This study demonstrated that individual, community and country contexts in which the children of HIV-infected mothers live are closely associated with non-uptake of DTP3. These factors are significant in explaining the variations in non-uptake of DTP3 in the children of HIVinfected mothers in the selected sub-Saharan African countries. Non-uptake of DTP3 is less likely in children of women living with HIV who were employed, within the age group 35-49 years, educated and with access to media. It could then be extrapolated that the children of HIVinfected women who were unemployed, younger, uneducated, and without access to media are more likely to miss out on DTP3 uptake. DTP3 non-uptake is also associated with the children of HIV-infected women living in communities with high illiteracy level and in countries with low adult literacy rate. Some of these findings are in conformity with an earlier South African study. 18 These findings show that the unemployed status of HIV-infected mothers contributes to their children being incompletely vaccinated. The inability of the unemployed and poorer mothers to source funds for transport to health centres for scheduled vaccinations may be a vital reason for the nonuptake of the vaccines. 19, 20 Unemployment leads to poverty, and studies have shown that the more the poverty level of a household, the more likely it is that its children would be incompletely vaccinated. 21 Lack of basic resources leads to poor health seeking behaviour and deprivation of required immunization, and subsequently being exposed to vaccine-preventable diseases. 21 The low likelihood of the younger HIV-infected mother, possibly having her first child, to take her child for vaccination may be as the result of lack of information concerning the importance of immunization. The older women, having cared for many children, are likely to know the importance of immunization. 21, 22 This study shows that education plays a major role in improving vaccination coverage. The probability of a child of an HIV positive mother not taking DTP3 is reduced in women with any form of formal education compared to their uneducated counterparts. This gives credence to similar studies on immunization in the general population in some African countries. [19] [20] [21] 23 Many of the countries that have low adult literacy rate are also among the countries that are in dire need of support by GAVI in order to meet their individual national targets for immunization. 24 All of these show that literacy level has a significant impact on vaccination coverage and national immunization programmes. Furthermore, our findings demonstrated clustering effects of non-uptake of vaccinations at community and country levels. This implies that HIV exposed children from the same communities were inclined to have similar vaccination status and are subjected to similar contextual characteristics within the communities. 25 
Policy implications
There is a need for an evidence-based methodology to investigate why various immunization programmes are not reaching the expected targets. Understanding the factors responsible for successful implementation of immunization programmes among HIV-exposed children in sub-Saharan Africa is crucial for policy making. Appropriate approaches are needed to tackle various identified gaps of immunization programmes specifically among HIV-exposed children. Evidence-based approaches are also needed to manage scarce resources needed for various health interventions and thereby preventing diseases. 26, 27 The findings from this multilevel analysis show that mothers who were educated, older, employed and having access to media were less likely not to have had their children vaccinated with DTP3. These findings also imply that lack of education, youthfulness, unemployment and, lack of access to print and electronic media are possibly significant contributory factors to the problem of non-uptake of life-saving vaccines among the children of women living with of HIV in sub-Saharan Africa. Non-uptake of DTP3 was also found to cluster within communities, thus escalating the risk of vaccine-preventable diseases among the HIV-exposed and infected children.
Public health interventions should be designed specifically for women living with HIV who are young mothers, unemployed women and those without formal education. The remedial interventions should also focus on HIV-infected women who are resident in communities with high illiteracy rate in Africa. Our findings shows that access to media reduces non-uptake, therefore, intervention such as the use of mass media system should be in place in the areas with need. The use of multimedia intervention has been proven to be effective and useful for childhood immunization programmes among sub-Saharan African countries and could be specially adopted for the HIV-exposed and infected children. 28 The use of interactive clinician-delivered communication tools has been found to improve mothers' knowledge and understanding of good health. 29 Immunization activities should be promoted among HIVinfected parents right from the time of the antenatal care and also integrated as part of a broader prevention of mother to child transmission programme. 30 Interventions that provide parents, caregivers and other community members with information on the benefit of immunization may improve childhood vaccination coverage in the communities and the countries. 31, 32 There should be renewed efforts to educate the girl child in Africa as it has been proven that been educated improves vaccination uptake. Special attention is needed in countries with high rate of illiteracy since this factor also impact negatively on vaccines uptake. Factors like wealth index, residency, gender and GDP were not associated with DTP3 non-uptake and therefore warrants lesser attention in terms of interventions and policy changes.
Limitations and strengths of this study DHS are considered as very reliable source of population health data in the Low and Middle Income countries. DHS are large nationally represented surveys involving every section/region of the included countries and with high rates of responses. The surveys were however subjected to social desirability and recall bias. DHS being cross-sectional studies, the data cannot be used to assess causal relationships between the variables. The included surveys were conducted at different times across the countries within a 13 year timeframe, however, Table 1 shows that this did not impact negatively on the study findings.
Conclusion
This study shows that individual and contextual factors contributed significantly to non-uptake of DTP3 among the children of HIV-infected women across sub-Saharan Africa. Policy making regarding childhood vaccination and public health interventions targeted at improving childhood immunization uptake among HIV-exposed and HIV-infected children should incorporate all the contributory factors during the planning, designing and implementation. The interventions should be developed with focus on young mothers, unemployed women, those without formal education and those living in communities with high illiteracy rate. Particular attention should also be given to women living with HIV who are residents of African countries with low adult literacy rate. The use of mass media tools will help improve the mothers' knowledge and understanding of immunization good health. Efforts should also be made to create more employment opportunities for the unemployed women living with HIV.
Methods
Study design
This study consisted of secondary data analyzes of the crosssectional population-based demographic health surveys (DHS) from 27 sub-Saharan African countries namely: Angola, Burkina Faso, Burundi, Cameroun, Chad, Democratic Republic of the Congo, Cote d'Ivoire, Ethiopia, Gabon, Gambia, Ghana, Guinea, Kenya, Lesotho, Liberia, Malawi, Mali, Namibia, Niger, Rwanda, Sao Tome and Principe, Senegal, Sierra Leone, Swaziland, Togo, Zambia and Zimbabwe. Only 27 African countries with available Table 3 . Factors associated with non-uptake of DTP3-containing vaccines by children of HIV-infected women identified by multilevel multivariate logistics regression models. DHS HIV and vaccination data sets were included in this studies.
Sampling technique
The DHS were conducted in different African countries with focus on health, demographic, socioeconomic and environmental indicators from a representative sample of women and men in households across the included countries. The DHS sampling frame is made up of enumeration areas (clusters) established in each of these countries. Two stage probabilistic sampling method was also used for survey cluster selection.
Data collection
Data were collected by the use of standardized questionnaires and these were administered to various respondents by trained interviewers. The implementation of the surveys were spear headed in each country by respective National Ministry/Department of Health or other responsible agencies with technical assistance from MEASURE DHS, ICF International, Calverton, Maryland, USA. Development partners such as the United States Agency for International Development (USAID), Global Fund to Fight AIDS, Tuberculosis and Malaria (Global Fund), etc. provided some of the needed funds for the project. This study included countries that collected data on uptake three doses of diphtheria-tetanus-pertussis containing vaccines (DTP3) as well as HIV voluntary counselling and testing in the participating women up to November, 2017.
The participating women were aged between 15 and 49 years and tested during the household survey after consenting to be tested for HIV. Field staff with the required skills and experiences were recruited to work as interviewers. The interviewers were trained according to the DHS training procedures. The interviewers identified members of the household eligible for biomarker collection. The interviewers explained the purpose of the HIV testing to eligible respondents and were assured of their confidentiality prior to the test. HIV data was collected from eligible consenting women after the completion of their individual interview. The interviewers collected respondent's finger-prick dried blood spot blood samples for laboratory HIV testing. The DHS data collection and analysis used programme protocol specifically designed to include the outcomes like laboratory HIV test and other data attributed to each participating respondents. The women were asked detailed information on their children vaccination history and the vaccination cards were also checked to verify the mother's claims.
Ethical consideration
The data used for this study were obtained from an existing DHS database. All the identifier information were also removed, thereby the data cannot be traced to a particular individual. Each DHS was approved by the respective National Health Research Ethics Committees of the participating countries and Institutional Review Boards of the ICF International, Calverton and the Centers for Disease Control and Prevention, Atlanta, USA.
Outcome variable
The outcome is defined as a binary variable with the value of '1ʹ if there was no uptake of DTP3 and '0ʹ if there was an uptake among children aged 12-23 months at any time before the survey as reported on their vaccination cards or by their mothers during interview. The analysis is limited to the children of HIV-infected mothers.
Determinant variables
Individual level factors
The study included the following individual-level factors in the models: the child's gender (male or female), the age of the mother in completed years (15 to 24, 25 to 34, 35 and above), educational status of the mother (no basic education, primary, secondary or higher), employment status of the mother (whether unemployed or employed), and wealth index (poorer, middle or richer).
Community-level factors
The following community-level factors were included in the model: neighbourhood poverty rate (percentage of households that are below 20% of wealth index), illiteracy rate (that is the percentage of women without formal education within the community), unemployment rate (percentage of women who are unemployed in the community) and place of residence (either urban or rural). The rates were classified as either low or high.
Country-level factors
The following country-level factors were included in the model: gross domestic product per capita, adult literacy rate and health expenditure per capita. These data were obtained from the World Bank Data. 33 The country-level variables were also categorized into either low or high in order to assess nonlinear effects and for easy interpretation of results for policy decision making.
Statistical analyzes
The statistical analyzes were done with STATA 14.0 (Stata Statistical Software: Release 14. College Station, TX: StataCorp LP). 34 The distribution of respondents were expressed as percentages. Pearson Chi-Square was used to assess the relationship between DTP3 uptake and various variables. Multivariable logistic regression models were used to analyze the association between individual and contextual factors associated with non-uptake of third dose of DTP3 vaccines among the children of women living with HIV. A 3-level model for binary response reporting non-uptake of DTP3 vaccination among the children of women living with HIV (level 1), in a particular community (level 2) and living in a particular country (level 3). Figure 1 shows the conceptual framework for the models at different levels. The conceptual framework will guide towards understanding the objectives of this study.
The study used five models namely: The fixed effects (measure of association) results were reported as odds ratios (ORs) with their corresponding 95% credible intervals (CrIs). The random effects (measures of variation) results such as variance, intra-cluster correlation (ICC), and median odds ratio (MOR) were also reported. The MLwinN software, version 3.01 was used for model fit analyzes 35, 36 while Wald test 37 was used to calculate the statistical significance of covariates. The significance tests were two-tailed and significance defined at the 5% α-level. 
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